Background: No study has investigated whether newcomers to professional soccer have a different injury rate than established players.
Many studies have been published on internal and external risk factors for injury in male elite soccer players. 19 Players who are promoted from youth academies are exposed to several factors that may influence injury occurrence, such as physical adaptation to new training methods, changes in training and match loads, lack of social support, and new relationships with players, coaches, technical staff, and medical staff. However, to the authors' knowledge, no previous study has investigated whether newcomers to professional soccer have a different injury rate than their team colleagues.
Age and playing position are 2 risk factors for injury that have been evaluated previously in the literature, with conflicting results. Some studies detected increased injury rates in older players, 4 while others reported no association between age and injury rates. 15, 18 Similarly, some studies showed no difference in injury rates between playing positions, 7, 8, 18 while others found an increased injury rate for midfielders 1, 5 or forwards 2 and lower injury rates among goalkeepers. 3, 5 Inclusion of individual exposure to training and match play in the analyses is less common, and studies have often used different cutoffs for age categorization, 4, 15 2 factors that may contribute to the contradictory findings regarding the association between age and injury rates in professional soccer. Studies addressing playing position and injury rate are also limited by a lack of individual exposure registration, and many of them have small samples or have included match injuries only. 1, 2, 5 In addition, any concomitant influence of player age and playing position on injury rates is not known, even though the age distribution often differs between playing positions. 6 The primary objective of this study was to investigate whether being a newcomer to professional soccer influences injury rates. The secondary objective was to evaluate whether playing position and player age influence injury rates. The hypotheses were that (1) newcomers have higher injury rates than established players, (2) goalkeepers have lower injury rates than outfield players, and (3) older players have higher injury rates than younger players.
MATERIALS AND METHODS
An injury surveillance study has been carried out since 2001 in European male professional soccer players in collaboration with the Union of European Football Associations (UEFA): the UEFA Champions League (UCL) Injury Study. 11 The development of the study design has been published previously. 14 
Participants
Data were collected from the UCL study that included players from 26 clubs from 10 countries (Belgium, England, France, Germany, Italy, Portugal, Scotland, Spain, the Netherlands, and Ukraine). The clubs were followed for a varying number of seasons between 2001 -2002 and 2009 -2010 . In 2000 European clubs (clubs that had participated at the highest level in Europe over the past decade) were invited by the UEFA to take part in the study. Eleven clubs agreed to participate and delivered complete data for the 2001-2002 season. Over subsequent seasons, 12 more clubs were selected by the UEFA and included in the study, the inclusion criteria being that they deliver complete data over full seasons. 11 All players with a first-team contract were invited to participate. In the clubs that entered the study, fewer than 5 players did not consent to participate. If a player was injured at study inclusion, that injury was not taken into account. Players who left the club before the end of a season were included for as long as they had participated. In total, 1401 players were included in the study and followed over 3207 player seasons. The mean age of the cohort was 25.8 6 4.5 years. Playing positions included 140 goalkeepers (10%), 433 defenders (31%), 514 midfielders (37%), and 314 forwards (22%).
Data Collection
The clubs were followed prospectively during full soccer seasons (July to May/June). A representative from each club's medical staff functioned as the contact person between the club and the study group. The contact person was responsible for informing players about the study aims and procedures as well as for reporting injury and exposure data to the study group. Participation in all training sessions and matches was registered separately on an individual basis in minutes of participation. Three standardized forms were used in the study. A baseline form was used to collect individual player characteristics including age, stature, body mass, dominant leg, playing position, and previous severe injuries and surgeries. The exposure form included club and national team training and match exposures. The injury form contained information about the nature of injury and circumstance of injury occurrence. Exposure and injury forms were sent to the study group on a monthly basis and were checked for completeness. Prompt feedback was sent to club contact persons to correct any missing or unclear data.
Definitions
The definitions implemented in this study are consistent with the consensus statement established for studies of soccer injuries. 13 Briefly, a time-loss definition of injury was used, referring to a physical complaint sustained during a soccer training session or match that led to a player being unable to fully participate in future training or match play. A player was regarded as injured until he was declared fit by the club medical staff to fully participate in all types of training and matches. Injury severity was based on the number of days that elapsed from injury to full participation in training and availability for match selection, as decided by the club medical staff. Injury severity was categorized as slight/minimal (time loss of 0-3 days), mild (4-7 days), moderate (8-28 days), or severe (.28 days). Training session was defined as training with the first or reserve team of the club or with a youth or senior national team. Only team training events that involved physical activity under the supervision of the coaching staff were included. Match play was defined as a competitive or friendly match against another club or national team matches.
A newcomer to professional soccer was defined as a player undergoing his first season with a first-team contract after being promoted from a club youth academy. All other players were regarded as established players. Players were categorized by the club contact person into the playing positions of goalkeeper, defender, midfielder, and forward. Players were categorized based on sextiles of age distribution within the cohort (21, 22-23, 24-26, 27-28, 29-30, and 31 years). These age categories were chosen to capture the various cutoff values used in previous studies 4, 15 as well as to perform a more detailed analysis of the relationship between injury rates and age.
Ethics
The study protocol was approved by the UEFA medical committee and the UEFA football development division. Written informed consent was collected from all players.
Statistical Analyses
For quantitative, normally distributed variables, groups were compared by analysis of variance (ANOVA) with the Bonferroni post hoc test. Injury proportions were compared with the x 2 test. Injury incidence is expressed as the number of injuries per 1000 exposure hours plus the 95% confidence interval (95% CI). Groups were compared using an incidence rate ratio, and significance was tested with Z statistics. 17 Mean values are presented with corresponding standard deviations.
Cox regression analysis was used to study the influence of potential risk factors on any time-loss injury. Total exposure (exposure to training and match play) of individual players up to an injury event or to the end of the season was set as the time variable. Each player season was handled as a separate observation. Covariates were time in professional soccer (newcomer/established player), age category, and playing position. All covariates were first assessed by simple Cox regression analysis, with results expressed as a hazard ratio with 95% CI, and thereafter by multiple Cox regression analysis, including all covariates regardless of significance in the simple analysis. In the multiple analyses, club affiliation and match ratio (match exposure/total exposure) were also included as covariates. Club affiliation was included to adjust for variability in injury rates between clubs, and match ratio was included to adjust for potentially uneven distributions of match exposure because the match injury rate is known to be several times higher than the rate during training. 11 The significance level was set at P \ .05.
RESULTS
In total, the exposure to training and matches was 669,396 hours and 127,993 hours, respectively. There were 6140 reported injuries (3453 match and 2687 training), resulting in a total injury incidence of 7.7 injuries per 1000 hours (95% CI, 7.5-7.9), a match injury incidence of 27.0 injuries per 1000 hours (95% CI, 26.1-27.9), and a training injury incidence of 4.0 injuries per 1000 hours (95% CI, 3.9-4.2).
Exposure and Injury Rates for Newcomers Versus Established Players
Newcomers had a lower mean age compared with established players (18.8 vs 26.0 years, respectively; P \ .001). Newcomers also had lower mean match exposure (22 vs 41 hours/season, respectively; P \ .001) and training exposure (193 vs 209 hours/season, respectively; P = .03) compared with established players.
Newcomers had lower total and training injury incidences compared with established players, while no difference was observed in match injury incidence (Table 1) . For newcomers, a lower incidence was found among muscle/tendon injuries and contusions as well as for both contact and noncontact injuries ( Table 1 ). In contrast, newcomers had a higher incidence of fracture/ bone stress injuries. This increased incidence was evident for stress-related bone injuries, while no statistically significant difference was seen for traumatic fractures (Table 1) . Players experiencing their first season with a first-team contract after being promoted from a club youth academy. 
Injury Rates Depending on Playing Position and Age
Goalkeepers had a lower match injury incidence in general compared with all outfield positions but, in contrast, had a higher rate of injury to the upper extremity and trunk as well as a higher rate of injuries caused by contact with an object, such as a goalpost or the ball ( Table 2) . Lower overall training and match injury incidences for goalkeepers were found across all age groups. No significant differences were detected between the various outfield playing positions when match and training injury incidences were analyzed separately.
The youngest players (21 years) had the lowest seasonal match exposure, while only minor differences were seen in training exposure between age groups ( Table 3) . The match injury incidence was highest in the age group Reference group for playing position in analysis. 1422 Kristenson et al The American Journal of Sports Medicine of 29 to 30 years, while training injury incidence was highest in the 2 oldest age groups (Table 3 ).
Risk Factor Analyses
Simple Cox regression analysis showed that newcomers had a lower injury rate than established players, goalkeepers had a lower injury rate than all outfield playing positions, and the youngest age group (21 years) had a lower injury rate than all other age groups ( Table 4 ). The same pattern was repeated in the multiple Cox regression analysis (Table 4 ).
DISCUSSION
The most important finding in this study was that newcomers to professional soccer clubs had a lower general injury rate than established players but, in contrast, had a higher rate of stress-related bone injuries. Goalkeepers had a lower injury rate in general compared with outfield players but an increased rate of injuries to the upper extremity and trunk. The overall injury rate increased with age, a pattern that persisted after adjusting for playing position and match exposure.
Low Injury Rates for Newcomers to Professional Soccer
Newcomers to professional soccer had lower injury rates than established players in this study, and the hypothesis that newcomers would have a higher injury rate because of factors such as a lack of physical adaptation to new training methods was thus not supported. The underlying reasons for this finding cannot be determined from this study, but perhaps the low injury rate among newcomers is caused by a reduced match load or to differences in attitudes toward seeking medical assistance. During their first season with a professional club, newcomers had lower mean match exposure compared with established players. A congested match fixture has previously been shown to increase injury incidences in soccer. 10 It is thus possible that a moderate match load for these young newcomers was implemented as an injury prevention strategy in the professional soccer clubs.
Furthermore, it can be speculated that newcomers may be more hesitant to seek medical assistance because of a fear of not being selected at matches. Club medical staff may also pay more attention to the more experienced players with whom they have established relationships and who have a higher match load. This scenario may also explain the differences in training incidence between newcomers and established players detected in this study.
In contrast, newcomers had an increased incidence of stress-related bone injuries. A change in total training and match load compared with the academy level could be a contributing factor to this increase. Also, newcomers were significantly younger than their established counterparts, and younger age is an established risk factor for stress fractures in elite soccer. 12 Interestingly, injury rates in academy soccer have been shown to increase over the second half of the season possibly because of a heavy match load. 16 Includes the following covariates: time in professional soccer, playing position, age category, club affiliation, and match ratio (match exposure/total exposure).
Lower Injury Rates for Goalkeepers
In line with previous studies, 3, 4 goalkeepers were found to have a lower injury rate than outfield players. Importantly, this finding persisted after adjusting for age, time in professional soccer, and match exposure. Differences in running demands during matches between goalkeepers and outfield players 9 may explain the lower injury rate for goalkeepers in general and for muscle injuries in particular. In contrast, goalkeepers had a higher rate of upper extremity and trunk injuries as well as injuries caused by contact with an object. Reaching for the ball may lead to collisions with a goalpost or to unfortunate ball contacts. Also, goalkeepers may be vulnerable to upper extremity and trunk injuries when landing on the ground with their upper extremities away from their body. A large study population is required to study injury patterns among goalkeepers, and the literature regarding injury patterns for elite goalkeepers is mostly limited to case reports. To the authors' knowledge, only 1 prospective observational study has described injury patterns in goalkeepers compared with outfield players in elite soccer. 3 In that study, goalkeepers were found to have a higher rate of head injuries, a finding not repeated in this study. The findings in this study imply that prevention strategies for goalkeepers should have a different focus than strategies for outfield players.
Decrease in Injury Rates for the Oldest Players
Injury rates increased with age, reaching a peak rate among players aged 29 to 30 years. Previous injury is a well-documented risk factor for a new identical injury 15 as well as recurrences in the same body location, 20 and it can be expected that older players will have suffered more injuries during their career.
Having a congested match fixture is associated with higher injury rates in professional soccer, 10 and the absence of a continued increase in the injury rate for players aged 31 years may be because of a more moderate match load for the oldest players compared with players in their mid-20s. Also, older players who are still able to compete may be less injury prone than players who retired early from professional soccer. Thus, selection of less injury-prone players who managed to stay in this open cohort may have contributed to the lack of increase in injury risk also involving the oldest players. In this study, a nonlinear association between age and injury rate was detected; one plausible reason for the conflicting results in previous studies 4, 15, 18 could be the differences in cutoff values for what is defined as an ''old'' player.
Methodological Considerations
One of the strengths of this study is its prospective design, which included a large homogeneous group of male professional soccer players. The registration of individual player exposure enabled detailed data control. Therefore, missing or inaccurate data could be corrected by immediate contact between the study group and the club medical staff.
This study also has some limitations in addition to those already discussed. Even though data were collected for 9 seasons, the sample of newcomers to professional soccer was relatively small, increasing the risk of type II errors, especially for the analyses of specific injury patterns. Furthermore, no data were available regarding the newcomers' exposure during their previous season as an academy player. Therefore, the potential influence of a change in training and match quantity/intensity on injury occurrence could not be evaluated in this study.
Finally, players were categorized by clubs according to their playing positions before the start of each season. Occasionally, players change position during a season and sometimes even during a match; the categories for playing position used in the present study, and in others, may thus be less valid. In addition, this classification scheme does not distinguish between injuries that occurred in the attacking or defensive zones of the field or between the actual playing situations.
CONCLUSION
Newcomers to professional soccer had a lower general injury rate than established players but a higher rate of stress-related bone injuries. Goalkeeping was associated with lower injury rates than all outfield playing positions. Injury rates increased with age, a pattern that persisted after adjusting for playing position and match exposure.
